All the time there has been a steady growth of contributions from members of the University staff and from research students who have come to us from many parts of the world.
Since the bulk of this work is experimental, its detailed description has often taken a somewhat technical form. It would be unreasonable to expect any student or investigator, who has not himself been at the centre of operations, to be able, without great labour, to construct a clearly defined idea of what has already been achieved, and of the main growing points of present and future advance.
The time appears to have come for an attempt to present a synthetic view of the whole of this research, and to try to do it in a manner sufficiently free from technicality to render it possible for any interested reader to understand, and, if it seems desirable, to make use of the fundamental ideas which have shaped its development. This, therefore, is what I shall now try to do, and if I adopt a somewhat personal style, it is only because that seems the best way to convey a little of the thrill and feeling that something yet more important may be waiting "just round the corner ", a feeling which all of us who have been actively concerned have had and still cherish.
The Beginning
It is always difficult to fix a beginning for any ideas which grow slowly into a new approach to longstanding problems and a new set of techniques for their study. No One day, fairly early on in the war, I had been out with Kenneth Craik to look at some new anti-aircraft equipment. When we were being driven back to Cambridge we fell into discussion about how to investigate air pilot's fatigue. For some time I had been trying to think how the conventional laboratory procedure for the study of fatigue might be supplemented and perhaps improved. The current methods, based almost wholly upon the investigation of simple and relatively isolated muscular and mental activities, seemed to me so devised that practically only three types of result could be recorded accurately: the amount of overall deterioration of work, the occurrence of checks and spurts in work, and, if the activity were pushed to a certain distance, the final collapse of work. What we needed to know was precisely how skill, in long-continued exercise, may change and perhaps deteriorate. So I asked Kenneth whether he could design and build controls for an experimental cockpit. We should, it seemed to me, try to pick out the " key ", or essential, elements in the control behaviour of a pilot flying by instruments. We should record these accurately, if need be for long periods, and also as much as possible of the associated but perhaps less critical activities. Then we should know, not only whether less or mnore work was being done, but also by what kinds and amounts of change in the co-ordinated control behaviour these, and other, variations, were being brought about.
As anybody who knew him will remember, Craik had a wonderful big black wallet. It Importance of Display.-" Display " is the term which is used for all the environmental signals which the skilled performer uses to guide his work, to initiate and stop the movements or decisions which he has to make. " Control " is the term for the mechanical and electrical devices which have to be used by the performer in the vast majority of everyday skills, and also for the directing functions of decisions and movements themselves. It is clear that a part of the information which the operator is using comes from the display, in the sense just defined, and a part from the proprioceptive impulses set up by his movements. Perhaps there is also some direct effect of the central activity involved in making decisions.
It appears more and more certain that if there is one outstanding characteristic of efficient skilled performance, whether in work or in play, it is the consistent timing of successive steps or moves. We can show, for example, that the highly skilled transport driver tends to maintain a persistent pattern of behaviour, making the necessary adjustments of acceleration, deceleration, gear-changing, change and speed of change of direction, within small limits of difference relative to the overall rate at which he is travelling and to the rate of movement of other relevant items in his visual field. Neither to observation nor in measurement are the particular adjustments made at an enhanced speed. In fact, the skilled performer everywhere usually seems to have " plenty of time ". The great thing is that successive moves flow one into another without check or hurry, without waiting or snatching. when and where critical developments are likely to occur, the normal result is that whatever the precise character of the critical developments may be, when they are reached, they will be dealt with more quickly, with less effort, and with improved accuracy. The exact limits of range of anticipation in this case depend upon the amount and nature of current activity, but the range is certainly vastly extended and flexibility is regained.
There is much yet to be discovered about the fundamental theoretical implications and the mechanism of these types of anticipatory behaviour, but once again it has been demonstrated that the accurate and sustained timing which is paramount in all efficient and economical skill depends both upon the nature, extent, and direction of the movements and decisions involved and upon a planned and adjusted spacing of display signals.
Speed and Load.-It has become more and more plain that the two predominant internal objective conditions of efficient skilled behaviour are speed and load. Both must be defined carefully. Speed is not measured adequately by the popular reactiontime technique. There is the time taken to initiate an action, once the signal has been given; there is the time taken to complete the action ; there is the " change over ", or resting time, before the next required adjustment can be undertaken. It is certain that the first two have absolute limits, but these are very rarely approached in any conditions normally met with in industry or in everyday life. It is the " change over" time that is rather readily modifiable, and if an overall required speed of performance, combined with special conditions of display and control, either reduces or increases the change over time beyond limits, the whole performance will quickly lose its smooth and regular appearance. There is some evidence that most people are more intolerant to marked increase in change over, or resting time, than marked decrease. If this is really the case, the reasons, which are not yet known, must be of great interest. It is, however, quite certain that overall speeding-up of performance can alter the timing relations of the successive phases of serial response. It seems likely that it does this principally by a forced reduction of change over time, and when this passes a certain limit, the performance becomes ragged and uneven, and if it has to be continued the performer will inevitably suffer from fatigue and strain.
In whatever detailed manner it produces its effects, overall speed must be regarded as an independent condition of skilled performance. Moreover the present evidence is that if the overall speed is increased or decreased beyond the limits that are consistent with smoothly timed succession of response, the adverse effect piles up at a disproportionately rapid rate with every further increase or decrease.
Load depends on the number and arrangement of distinguishable signals, or signal sources, which have to be dealt with simultaneously or in very rapid succession. Load and speed may obviously be made to vary independently or in any desired order of dependence. Mackworth The outstanding character of mental skills is that, compared with the bodily kind, they deal with situations at a distance, and therefore in symbols.
But they have the same feature of moving in ordered and interrelated succession to whatever issue forms an accepted terminus.
And it is quite certain that in such moves there are key times and places, and if these can be picked out beforehand, so that the performer is ready to deal with them, all the near-by associated moves become relatively easy, uniform, certain, and fluent. In specific instances it is often possible to demonstrate by experiment such things as how far ahead it is worth while attempting to pick out and indicate these critical times and places, and in detail how, when this is done, the skilled performance becomes smoother, less tiring, and more effective. Mackworth has achieved this for the typical skill of traffic control, and he has shown in what ways and to what degree the whole process depends upon foresight. There is no doubt at all that it can be done in other instances as well. But when we ask how to detect, and especially how to impart this " gift " of identifying crucial times and places prospectively, at present we have no sure answer. This is one of the instances in which we must be willing to fall back upon " diagnostic flair ".
It must be admitted that the same is true of particular key elements and combinations in a very large number of the skilled activities of daily life, especially when, as in most sports and games, the display has to be selected from a freely varying external environment by the performer himself. The general key features may tell us where to search, but variations of body build and mental endowment and acquisitions go heavily against the assumption of the single master-key.
Incentive and Motivation.-Motive is anything belonging to the performer himself which puts and keeps his specific skill processes in action. Incentive is anything coming to the performer from outside which sets some motive at work. The level and the persistency of skill depend on them both.
Little is known about either, and, as usual, the less is known the more seems to be asserted in speech and in writing. By far the commonest incentives used are a large variety of rewards and punishments. We know that the former are usually, except in special cases, more effective than the latter. We know something about the conditions under which the latter are of use. We know also that incentive, coming from the outside, operates with severe temporal limits, and can be APPLICATION OF PSYCHOLOGY TO INDUSTRIAL MEDICINE held to something like a constant effect only by periodic increase. We know that whenever skilled work or play is being exercised at near tolerance limits, incentive will, and can, do nothing except in a short-lived spurt. Near the beginning of all of our work, Craik, pondering over operations of selfregulating machines, such as the velodyne motor, began to wonder whether it might be useful to think of motive as a kind of feed-back, operating from within a skill and currently with its unfolding, and acting as a kind of centrally appreciated standard, marking any difference between actual achievement and whatever it is the organism is set to achieve. And indeed this has proved to be a fruitful notion, directing many experiments; and as I have indicated earlier, we have gone some way along this line, learning a little about the priorities and effectiveness of information given either intermittently, in a form of " knowledge of results ", or currently, with practice of a skilled performance itself, through associated internal peripheral and central changes. But it is all the merest beginning, and in any case it cannot be the whole story. The real puzzle lies not in the relationship of performance and "set ", but in what settles and maintains the " set" itself. In spite of all of this, skill prognosis for age becomes steadily more and not less favourable as we come to understand better the nature of the changes that take place. Given a due regard to essential psychological conditions, a normally healthy population should be able to maintain and modify acquired skills, and even achieve new ones, well beyond any age that is now considered to mark the term of an active working life.
We began all our work on ageing in the laboratory. This was partly because we were proposing to develop new methods of assessment, and partly because we knew that when we went out into the industrial field we must be equipped with at least some guiding ideas of what to look for. Without these, observation of the field type gets bogged in a mass of varied detail. But observation alone, and even observation and field experiment cannot carry us all the way when we are concerned with direct industrial problems. We must have records, especially when types of training and learning about which practically nothing is known come up for consideration, as they obviously do in this case. We have found that reliable and relevant industrial records bearing upon the problems which have been indicated are very rare indeed. It is a matter of great urgency that this gap should be filled.
The Study of Human Skill, Performance, and Industrial Medicine No doubt it is right and natural that industrial medicine should still be greatly preoccupied with detailed studies of specific hazards which must be encountered in particular industries, groups of industries, and industrial operations; and with problems concerning the treatment of the worker who falls a victim to these hazards, and how they may be prevented or the workers adequately safeguarded. Toxicological problems, a large variety of types of specific industrial diseases and acquired disabilities of bodily function, the treatment and prevention of burns and other injuries-these and many other questions of the kind that everybody at once recognizes to be " straight medical ", must remain in the forefront of the industrial medical officer's attention.
Yet nobody can now ignore the facts that modern large scale and highly organized industry has to face up to a lot of human problems, the criteria for the occurrence and severity of which are limited efficiency, the piling up of unwanted and avoidable fatigue and strain; an accumulation of errors leading to accidents that could just as well never occur at all; irregular working habits, and the growth of simmering or open dissatisfaction often leading to dispute, the real causation of which is frequently misunderstood. For the most part these maladjustments do not issue in any definite or identifiable bodily disease, but in extreme cases, which are nevertheless sufficiently common to lead to plenty of trouble, they do produce a crop of nervous and mental disorders.
In all these instances the basic conditions are exactly the same as those which produce the prob-216
